It is shown that pions can be included perturbatively into effective field theory only for the external momenta, well below the pion mass. But for such low energies it is not necessary to include pions explicitly.
I. INTRODUCTION
Weinberg's original ideas about the chiral perturbation theory approach to processes involving an arbitrary number of nucleons [1, 2] were followed by intensive investigations of various aspects of this approach (see for example [8] and references included therein)
The effective chiral Lagrangian is non-renormalizable in the traditional sense but it contains all possible terms which are not suppressed by the symmetries of the theory and the ultraviolet divergences are absorbed into the parameters of the Lagrangian. Renormalization points should be chosen of the order of external momenta p or less. After renormalization, the effective cut-off is of order p [2] . For processes involving more than one nucleon, one finds that at any order there are an infinite number of diagrams. For NN scattering the low order calculations require inclusion of the contributions of an infinite number of counter-terms with higher and higher order derivatives (up to infinity). But this does not mean that Weinberg's power counting is not consistent, as was claimed in ref. [6, 8] . Note that power counting should be applied to renormalized diagrams only, i.e. after inclusion of the contributions of counter-terms, so the involvement of higher order counter-terms into low-order calculations does not affect power counting at all.
The summation of renormalized diagrams is a highly nontrivial problem. This problem can be solved by iterating the effective potential using the Lippmann-Schwinger equation (or Schrödinger equation) as was suggested by Weinberg. Divergences can be regulated using (sharp or smooth) cut-off regularization. One can keep cutoff parameters of order of the mass of the lightest particle which was integrated out and fit coupling constants to the experimental data as was done in ref. [3] . This approach is equivalent to the conventionally renormalized theory up to the order one is working [11] . The advantage of cut-off effective theory is that one can find scattering amplitudes solving equations while the conventionally renormalised effective field theory encounters quite severe (technical) problems: Iteration of unregularized potential via the Lippmann-Schwinger equation leads to divergences. One could try to regularize the potential and include counter-terms, but due to the non-renormalizability of the theory one would have to include an infinite number of (counter-)terms with more and more derivatives. So, one has either to exactly solve the equation and after subtract divergences explicitly, or otherwise one should draw all relevant diagrams, subtract them and then sum these renormalised diagrams. Unfortunately there is no equation for the renormalized amplitude.
Recently it was suggested that pions can be included perturbatively into effective field theory calculations for momenta up to the pionic mass and even higher [5] [6] [7] [8] [9] . In these papers dimensional regularization and the Power Divergent Subtraction (PDS) scheme were used to describe the NN scattering data and electro-magnetic form factors of deuteron. Inclusion of pions perturbatively allowed to solve the above-mentioned problems of summation of an infinite number of diagrams. In the PDS scheme the coefficients (coupling constants) of leading and sub-leading order terms in the effective Lagrangian for 1 S 0 wave are of the order ∼ (100 MeV) −2 and ∼ (150 MeV) −4 respectively for the normalisation point equal to pion mass [5] . These values of couplings are not encouraging at all. After inclusion of the pion explicitly one would expect that the scale of couplings would be determined by the mass of the lightest integrated particle ∼ (800 MeV) provided that the normalisation point is taken to be of the order of the pion mass.
In Weinberg's power counting the one pion exchange potential is of leading order and hence it has to be iterated via the Lippmann-Schwinger equation. Below, to investigate a little further the power counting arguments, pions are included perturbatively using the subtractions at p 2 = −µ 2 and the results are compared with the ones of PDS and MS schemes. The conclusion is that pions can be included perturbatively only for momenta well below the mass of the pion.
II. EXPLICIT CALCULATIONS
The contribution of contact interaction terms to the 2-nucleon potential in the partial 1 S 0 wave up to (and including) the sub-leading order has the form:
The one pion exchange potential in the 1 S 0 channel is:
where q = p ′ − p, g A = 1.25 and f = 132 MeV. According Weinberg's power counting criteria this potential is of leading order for the momenta of the order of the mass of pion and it is of the order p 2 /m 2 π for the momenta much below the pion mass, provided that the normalisation point is taken of the order of external momenta.
One can include pions perturbatively similarly to ref. [5] . The Feynmann amplitude with perturbatively included pions can be given as:
where the diagrams for A i contain non-perturbative parts constructed from the contact interaction potential and include i pions. A 0 is a contribution of contact interaction terms and can be calculated up to some accuracy iterating contact interaction potential of desired order. The inverse amplitude can be expanded similarly to ref. [5] :
. Diagrams including contact interaction and one pion are drawn in FIG.1. The diagrams in the second row correspond to pure contact interactions. These bubble-chain diagrams are divergent and are to be subtracted. They can be summed up by iterating the contact interaction potential V (2) C and subtracting at p 2 = −µ 2 [10] . One gets the following expression for the non-perturbative Feynmann amplitude:
The sub-diagram of diagram a), containing the pionic line, is not divergent but has to be subtracted. The point is that the corresponding diagram in relativistic theory is divergent and has to be subtracted. The subtraction of the relativistic diagram at the point p 2 = −µ 2 automatically leads to the subtraction of its non-relativistic approximation. A bubble subdiagram of the diagram b) containing the pionic line has two non-divergent sub-diagrams itself. According to the same argument as above these sub-diagrams, although finite, have to be subtracted before the divergent bubble sub-diagram is subtracted. Note that these subtractions of non-divergent diagrams are necessary not to violate unitarity.
After subtractions one gets the following expression:
where
and
Matching to the effective range expansion one can determine C 0 and C 2 for particular values of normalisation point µ. Using these values for C 0 and C 2 , one can find the phase shifts from MeV one expects couplings to be much smaller, ∼ (800MeV ) n (n is determined by the dimension of coupling constant). Note that for such µ pions can not be included perturbatively. The fit to the effective range expansion is also unsatisfactory for a normalisation point exceeding 60 MeV.
The above results are not surprising. One could hardly expect perturbative inclusion of pions to be satisfactory unless p 2 /m 2 π is sufficiently small. But these conclusions do not agree with the results of ref. [5] [6] [7] [8] [9] . Should one conclude that PDS is a much better scheme than the subtraction at p 2 = −µ 2 ? To investigate this problem one can apply the PDS scheme to the same diagrams and fit to the effective range expansion. In agreement with ref. From all the above results one hardly can conclude that the PDS scheme is any better than MS. As was shown in [4] MS scheme does not fit data well when pions are included non-perturbatively. So fine tuned results of MS when pions are included perturbatively and µ = 125 MeV are not reliable at all. The PDS scheme like MS puts the scale of the integrals equal either to the mass of the pion or the normalisation point. So the expansion parameter when pions are included perturbatively is ∼ m π /Λ N N (Λ N N ≈ 300 MeV) instead of ∼ p/Λ N N as proposed in ref. [5] even for very low external momenta. This expansion parameter is quite large and pions can not be included perturbatively for any value of the external momenta. Fine tuned results of PDS when the normalisation point is taken equal 140 MeV are not reliable. Note that in [5] the data were fitted excellently for 1 S 0 wave up to 300 MeV where the expansion parameter is p/Λ N N ∼ 1.
III. CONCLUSIONS
Using dimensional regularization and the Power Divergent Subtraction scheme one can include pions perturbatively into effective field theory calculations and describe 1 S 0 wave NN scattering data quite well for external momenta beyond 100 MeV provided that the normalisation point is taken equal to the pion mass. More careful investigation shows that these results are very sensitive to the changes of normalisation point. Very similar conclusions are valid for the MS scheme, which is known [4] to break down at very low external momenta when pions are included non-perturbatively. One should conclude that inclusion of pions perturbatively within either the PDS or the MS scheme is not self-consistent for any value of external momenta. The problem can be addressed to the fact that the expansion parameter is very large even for very low energies.
For external momenta well below the mass of the pion one could include pions perturbatively in effective field theory using subtractions at p 2 = −µ 2 . For such low energies effective theory fits 1 S 0 wave NN scattering data quite well but the explicit inclusion of pions is not necessary. For higher energies (external momenta) it is necessary to include pionic potential non-perturbatively (iterating Lippmann-Schwinger or Schrödinger equation) in accordance with Weinberg's power counting.
One should conclude that the cutoff effective field theory (see for ex. [3, 12, 13] ) still remains the only systematic way of incorporation of Weinberg's ideas for not very low energies.
